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1
THERMAL LINER FOR PROTECTIVE
GARMENTS

FIELD OF THE INVENTION

The instant invention is directed to a thermal liner for use
in, for example, protective garments.

BACKGROUND OF THE INVENTION

Protective garments are now well known for many and
varied uses, such as suits for industrial workers, firefighters,
wildlands firefighters, race car drivers, airplane pilots, and
military personnel. Garments include not only complete, full
body suits, but also individual garments such as trousers,
jackets, gloves, boots, hats, head coverings, masks, etc. Gen-
erally, protective garments are designed to shield a wearer
from avariety of environmental hazards. Firefighter garments
are representative of such protective garments.

Firefighter garments, generally known as turnout gear, are
designed primarily to prevent the firefighter from sustaining
serious burns. A second significant threat to firefighters is heat
stress. More firefighter deaths occur in the United States each
year due to heat stress related conditions than due to burns.
Heat stress related conditions include elevated body core
temperature leading to heat prostration, increased blood pres-
sure, heatstroke, and sometimes heart attack. As this second
threat has become recognized, the fire service community has
attempted to modify and improve turnout gear to minimize its
contribution to heat stress.

Generally, turnout gear includes a coat and overalls. Turn-
out gear typically comprises three layers: an outer shell, a
moisture barrier, and a thermal barrier. The outer shell layer is
usually a woven fabric made from flame resistant fibers and is
considered the firefighter’s first line of defense. Not only
should it resist flame, but it needs to be tough and durable so
as not to be torn, unduly abraded, or snagged during normal
firefighting activities.

The moisture barrier layer, while also flame resistant, is
provided to prevent water from penetrating and saturating the
turnout gear. Excess moisture from the environment would
laden the firefighter with extra weight and therefore increase
their load. Such an increase in load is likely to increase the
possibility of heat stress.

The thermal barrier liner is also flame resistant and offers
the bulk of the thermal protection afforded by the ensemble.
A traditional thermal barrier liner includes an insulation layer
of flame resistant fibers quilted to a lightweight woven face
cloth also made of flame resistant fibers. A material com-
monly used as a component in the thermal barrier, and often
regarded as an industry standard, is known as E89® from
DuPont of Richmond, Va. E89 is a spunlaced nonwoven
material consisting of NOMEX® (meta-aramid) staple or
KEVLAR® (para-aramid) staple or a combination of both,
Technical Guide for NOMEX® Brand Fiber, H-52720
Revised July 2001 by DuPont, Richmond, Va., page 3.

While E89 is an excellent material, there is a need to find
better materials, i.e., materials with the same or better thermal
protection and lower weights.

Nonwovens used in thermal layers have been suggested
and they are disclosed in U.S. Pat. Nos. 4,937,136, 5,136,723,
5,236,769, 6,430,754, 6,743,498, 7,6768,55, and US Publi-
cation 2002/0069453.

U.S. Pat. No. 4,937,136 teaches an inner thermal liner
made with a nonwoven fabric of a blend of wool and a syn-
thetic fiber capable of high temperature performance. The
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synthetic fibers include, among others, NOMEX, KEVLAR,
and polybenzimidazole (PBI).

U.S. Pat. No. 5,136,723 teaches an inner thermal barrier
made with a mesh (apertured) fabric of NOMEX or KEVLAR
having a basis weight of about 2 osy (ounces per square yard)
or 67.8 gsm (grams per square meter). This mesh fabric is
believed to be E89.

U.S. Pat.No. 5,236,769 teaches textile layer of a nonwoven
made with 100% aramids, mixtures 0f 30-50% wool and heat
stable fiber, such as PBI. This nonwoven has a basis weight of
200 gsm (5.9 osy) at a thickness of 4 mm.

U.S. Pat. No. 6,430,754 teaches a second layer of insulat-
ing material of 1.5 osy E89 or a spunlaced nonwoven of a
blend of aramid and PBI fibers. U.S. Pat. No. 6,430,754 also
teaches an alternate embodiment where the thermal barrier
has a first layer of 2.3 osy E89 (spunlaced nonwoven) and a
second layer of 1.5 osy E89 (spunlaced nonwoven).

U.S. Pat. No. 6,743,498 teaches an insulating barrier of a
perforated nonwoven having a basis weight in the range of
100-200 gsm and made from a variety of thermostable fiber
including, among others, aramids and PBI.

U.S. Pat. No. 7,676,855 teaches an insulation layer of a
nonwoven made of, among other things, aramids or
melamines (but no PBI), the nonwoven maybe hydroen-
tangled, and the basis weight of the nonwoven may be in the
range of 0.75-8 osy. In the exemplary examples, the non-
woven is 2.5 osy and made of 50% BASOFIL® melamine/
25% meta-aramid/25% para-aramid.

US Publication 2002/0069453 teaches the insulation layer
comprising a blend of inherently hydrophobic fibers and non-
hydrophobic, flame resistant fibers. The hydrophobic fibers
include polytetrafluoroethylene (PTFE) fibers. The non-hy-
drophobic fibers include aramid fibers, PBI fibers, polyben-
zoxazole (PBO) fibers, melamine fibers, and blends thereof.

SUMMARY OF THE INVENTION

A nonwoven for use in a thermal liner for protective
apparel includes 1-45 wt % of a first inherently heat resistant
fiber excluding an aramid, and a balance of a second heat
resistant fiber. The nonwoven excludes wool and has a thick-
ness less than 3 mm and a basis weight of less than 2.9 osy
(100 gsm). In another embodiment, the insulating layer for
protective apparel includes a nonwoven including an inher-
ently flame resistant fiber and fibers being inherently resistant
to moisture absorption. The inherently flame resistant fiber is
different from said inherently resistant to moisture absorption
fiber. The nonwoven has an equivalent or better thermal pro-
tective performance (TPP) and a lower basis weight than an
industry standard nonwoven consisting of a nonwoven of
para-aramids or meta-aramids or a blend of both.

DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there is rep-
resented in the figures data from various embodiments of the
invention; it being understood, however, that this invention is
not limited to the data shown and that this data is not neces-
sarily been optimized, but instead only indicates the possi-
bilities for the inventive materials.

FIG. 1 is an illustration of a protective garment, parts
broken away.

FIG. 2 is an exploded view of the layers of the protective
garment shown in FIG. 1.

DESCRIPTION OF THE INVENTION

Referring to the Figures, wherein like numerals refer to like
elements, there is shown in FIG. 1, a protective garment 10.
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Specifically, protective garment 10 is the jacket of a firefight-
er’s turnout suit. It is understood, however, that the invention
is not limited to firefighter’s turnout gear. The invention may
be used in other types of protective gear, as will be apparent to
those of ordinary skill. Such other types of protective suits
include, but are not limited to, suits for industrial workers
(including, for example, arc flash apparel), wildlands fire-
fighters, race car drivers, airplane pilots, military personnel,
and the like.

As indicated in FIGS. 1 and 2, the protective garment 10
may have a multi-layer construction that includes an outer
shell 20, a moisture barrier 40, and a thermal liner 60. The
outer shell 20 is typically constructed of a flame and abrasion
resistant material that comprises flame resistant fibers made
of, for example, aramid (meta- and/or para-aramid), polyben-
zimidazole (PBI), polybenzoxazole (PBO), melamine, or the
like, and blends thereof. The outer shell 20 may be treated
with a water-resistant finish (for example, a perfluorohydro-
carbon) to prevent or reduce water absorption from the out-
side environment. The weight of the outer shell material may
be within the range of about 6-8 ounces per square yard (osy).

The moisture barrier 40 may be constructed of a non-
woven or woven flame resistant fabric 42 comprising flame
resistant fibers made of, for example, aramid (meta- and/or
para-aramid), polybenzimidazole (PBI), polybenzoxazole
(PBO), melamine, or the like, and blends thereof. The mois-
ture barrier 40 may be laminated with a water-impermeable
layer 44 of material such as, for instance, a layer of polytet-
rafluoroethylene (PTFE) or polyurethane (PU). When such an
impermeable layer 44 is provided, it usually is provided on
the moisture barrier 40, so as to face the thermal liner 60. The
weight of the moisture barrier material is typically within the
range about 4-6 osy.

The thermal liner 60 may, optionally, include both an insu-
lation layer 62 and a facecloth layer 64, which may be quilted
together. In alternative embodiments, however, the insulation
layer 62 alone may be used. The insulation layer 62 is dis-
cussed in greater detail below. When it is used, the facecloth
layer 64 may be constructed of woven material comprising
flame resistant fibers made of, for example, aramid (meta-
aramid or para-aramid), polybenzimidazole (PBI), polyben-
zoxazole (PBO), melamine, flame resistant (FR) cellulosics,
modacrylic, carbon, or the like, and blends thereof. The face-
cloth layer 64 may be, optionally, finished with a hydrophilic
finish that draws perspiration off of the firefighter’s body, if
desired. The weight of the facecloth layer material is nor-
mally in the range of about 1-6 osy.

The insulation layer 62 comprises a nonwoven material
that comprises a plurality of flame resistant fibers, discussed
in greater detail below. The insulation layer 62 may comprise
a single layer of nonwoven, or two layers of nonwoven, or
multiple layers of nonwoven. In one embodiment, the insu-
lation layer has two layers of nonwoven material, and each of
these layers may have a different basis weight. The nonwoven
material may be a weight range of about 0.75-8 osy. In one
embodiment, the nonwoven material may be in a weight
range of about 1.0-3.0 osy. In another embodiment, the non-
woven material may be in a weight range of 1.2-2.5 osy. In yet
another embodiment, the nonwoven material may be in a
weight range of 1.2-2.0 osy. In still another embodiment, the
insulation layer may comprise two nonwoven layer, one layer
having a basis weight of about 1.4 osy and the other layer
having a basis weight of about 1.8 osy. In one embodiment,
the nonwoven material may have a thickness of less than 3
mm. In another embodiment, the nonwoven material may
have a thickness of less than 2 mm. In yet another embodi-
ment, the nonwoven material may have a thickness of less
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than 1 mm. The nonwoven material, in all embodiments,
should have a minimum thickness 0f0.25 mm. In still another
embodiment, the nonwoven material may have a thickness in
the range of about 0.75-1.25 mm. The nonwoven material
may be made by any nonwoven process. Such processes
include, but are not limited to, wet laid, air laid, carding,
felting, needlepunching, and hydroentangling (spunlaced). In
one embodiment, the nonwoven may be spunlaced. The non-
woven material may be flat (i.e., without apertures), apertured
(see U.S. Pat. No. 5,136,723 incorporated herein by refer-
ence), dimpled (see U.S. Pat. No. 7,676,855 incorporated
herein by reference), or a combination of any of the forego-
ing.

The nonwoven may comprise a plurality of flame resistant
fibers. The nonwoven may exclude any wool and/or cellulosic
fibers and/or natural fibers (i.e., any non-synthetic or non-
man-made fibers). The nonwoven may be characterized has
having an equivalent or better thermal protective performance
(TPP per NFPA 1971 (2007)) and a lower basis weight than an
industry standard nonwoven consisting of a nonwoven of
para-aramids or meta-aramids or a blend of both, for
example—ES89.

In one embodiment, the flame resistant fibers may also be
characterized as non-water absorbing fibers. Non-water
absorbing fiber does not refer to the moisture regain of the
fiber. Moisture regain, as used herein, refers to percentage of
atmospheric moisture in a textile material brought into equi-
librium with a standard atmosphere after partial drying, cal-
culated as a percentage of the moisture-free weight. Instead,
non-water absorbing fiber refers to the fibers ability, when
placed in contact with liquid water, to swell, absorb, and
retain that water. The water absorbency of fibers may be
measured according to ASTM D2402 (2012). The maximum
water retention that may be tolerated is about 15%, preferably
about 10% or below.

In one embodiment, the nonwoven material comprises a
first inherently heat resistant fiber and a second heat resistant
fiber. The first fiber may be different from the second fiber.
The first heat resistant fiber may comprise 1-45 wt % of the
nonwoven and the balance may be the second fiber. The first
heat resistant fiber may comprise 10-40 wt % of the non-
woven and the balance may be the second fiber. The first heat
resistant fiber may comprise 15-30 wt % of the nonwoven and
the balance may be the second fiber.

The first inherently heat resistant fiber of the nonwoven
material may selected from the group consisting of polyben-
zimidazoles, polyamideimides, polyetherimides, polyacry-
lates, aromatic copolyimides, polyacrylonitriles, polyether-
ketones, polysulfones, polyethersulfones, melamines,
polybenzoxazole, and combinations thereof. In one embodi-
ment, the first inherently heat resistant fiber may be selected
from the group consisting of polybenzimidazoles,
melamines, polybenzoxazole, and combinations thereof. In
another embodiment, the first inherently heat resistant fiber
may be selected from the group consisting of polybenzimi-
dazoles, polybenzoxazole, and combinations thereof. The
first inherently heat resistant fiber may exclude aramids and/
or melamines.

The second heat resistant fiber of the nonwoven material
may be selected from the group of aramids (meta- and/or
para-aramids), polybenzimidazoles, polyamideimides, poly-
etherimides, polyacrylates, aromatic copolyimides, poly-
acrylonitriles, polyetherketones, polysulfones, polyethersul-
fones, melamines, polybenzoxazole, and combinations
thereof. The second heat resistant fiber of the nonwoven
material may be selected from the group of aramids (meta-
and/or para-aramids), melamines, polybenzoxazole, and
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combinations thereof. The second heat resistant fiber of the
nonwoven material may be selected from the group of meta-

6
TABLE 2-continued

aramids, para-aramids, and combinations thereof. The sec- Full
. Composite
ond fiber may exclude FR cellulosics. basis
5 Weight
EXAMPLES Fiber Blend Insulation Layers (osy) TPP* TPP/osy
. . . . . 47 wt % m-aramid/ 2.0 osy apertured 19.27 36.7 1.90
The following examples further illustrate the invention; it 33% p-aramid/20% PBI 1.7 osy apertured
being understood, however, that this invention is not limited 20 wt % PBI/ ) 1.4 osy apemﬂeg 1939 372 192
. . 10 80% m-arami 2.3 osy aperture
to the precise formulations set forth. ) ) 20 wt % PBI/ 1.8 osyapertured 1941 366  1.89
In Table 1, there are shown several representative embodi- 80% m-aramid 1.8 osy apertured
ments of the instant invention compared to the certain indus- : : :
tI'y standard materials. These embodiments illustrate a range ?ﬁ;@re{i: spunlaced nonwoven with apertures, US513723 incorporated herein by refer-
of thickness and basis weights that may be useful in the Flat: spunlaced nonwoven without apertures. -
. 15 Dimples: spunlaced nonwoven without apertures but having dimples, U.S. Pat. No. 7,676,
manufacture of turnout gear. Fiber blends A-B represent the 855 incorporated herein by reference.
inventive embodiments and fiber blend C represents an indus- zi‘;jzzg ZZ‘;j:j
try standard material. 3Exemplary embodiment
4TPP—Thermal Protection Performance per NFPA1971 (2007).
TABLE 1 0 , ,
In TABLE 3A-D, there is shown several full composite
Fiber Basis Weight comparisons of the instant invention to various industry stan-
Blend — Stmcture — (gsm) [osy]  Thickness (mm) — (mm/gsm) - 100 dard full composites. The full composite refers turnout gear
A Apertured  56.9 [1.68] 0.89 156 with an outer shell, moisture barrier, and a thermal liner. The
A Apertured  66.5 [1.96] 0.97 1.46 outer shell was varied as indicated. The moisture barrier was
A Apertured  84.6 [2.50] 1.10 1.30 2 varied as indicated. The thermal barrier was quilted and var-
B! Apertured 481 [1.42] 0.74 154 ied as indicated
B! Apertured  62.0 [1.83] 093 1.50 :
B Apertured  77.7 [2.29] 1.07 138
B Apertured 5.0 [2.50] 1.19 1.40
c? Flat 50.0 [1.47] 0.70 1.40 TABLE 3A
c3 Flat 80.0 [2.36] 0.87 1.09 30 Outer Shell: PBI MATRIX - Safety Components, Inc, Greenville, SC.
C Dimpled 80.0 [2.36] 1.22 1.53 Moisture barrier - CROSSTECH Black, W.L. Gore &
Associates, Elkton, MD.
A: 47 wt % m-aramid/33% p-aramid/20% PBI
B: 80 wt % m-aramid/20% PBI Thermal Liner  Fiber Blend Insulation Layers ~ TPP® TPP/osy
C: 67 wt % m-aramid/33% p-aramid
Apertured: spunlaced nonwoven with apertures, US513723 incorporated herein by refer- 35 Glide Araflo! 33 wt % p-aramid/ 1.5 osy apertured 38.9 1.93
;‘1“5.' . 67% m-aramid 2.3 osy flat
at: spunlaced nonwoven without apertures. Glide E89! 33 o i/ Ls fl 376 1.87
Dimples: spunlaced nonwoven without apertures but having dimples, U.S. Pat. No. 7,676, 1de OWt ° p—arfaml -3 osy flat . .
855 incorporated herein by reference. Also referred to in the industry as *3D.” 67% m-aramid 2.3 osy flat
Conversion: (gsm/33.9) = osy. Caldura S22 33 wt % p-aramid/ 1.5 osy flat 37.6 1.90
'Exemplary embodiment. 67% m-aramid 2.3 osy flat
“Industry standard - 1.5 osy spunlace. 40 Quantum 3D? 33 wt % p-aramid/ 1.5 osy flat 418 2.10
3Industry standard - 2.3 osy spunlace. 67% m-aramid 2.3 osy dimpled
. Glide! 20 wt % PBI/ 1.4 osy apertured ~ 39.3 1.90
In TABLE 2, there are shown several full composite com- w/invention 80% m-aramid 1.8 osy apertured
parisons of the instant invention industry standards. The full - -
. . . Apertured: spunlaced nonwoven with apertures, US513723 incorporated
composite refers turnout gear with an outer shell, moisture herein by reference
barrier, and a thermal liner. The outer shell was PBI 45 fjs. spunlaced nonwoven without apertures.
MATRIX® available from Safety Components, Inc of Green- Dimples: spunlaced nonwoven without apertures but having dimples,
ville, S.C. The moisture barrier was CROSSTECH 2C avail- &S- .IIaE-IN?- 7,68761;855 CIHCOIPOTated ?ereg by re};fregcce-
able from W.L. Gore & Associates of Elkton, Md. The ther- vailable from Safety Components, Inc, Greenville, SC.
. 3 " Available from TenCate, Union City, GA.
mal barrier Was uanIlted and made Wlth a NOMEX face 3TPP—Thermal Protection Performance per NFPA1971 (2007).
cloth and the insulation layers set forth in TABLE 2. The first 50 TABLE 3B
two listed materials are existing industry standard construc- Outer Shell: PBI MAX - Safety Components, Inc, Greenville, SC.
. o . . . Moisture barrier - CROSSTECH Black, W.L. Gore &
tions and the remaining are examples of the instant invention. .
Associates, Elkton, MD.
TABLE 2 Thermal Liner Fiber Blend Insulation Layers ~ TPP® TPP/osy
55
Full Glide Araflo! 33 wt % p-aramid/ 1.5 osy apertured 39.2 2.10
Composite 67% m-aramid 2.3 osy flat
basis Glide E89! 33 wt % p-aramid/ 1.5 osy flat 39.7 2.07
Weight 67% m-aramid 2.3 osy flat
Fiber Blend Insulation Layers (osy) TPP* TPP/osy Quantum 3D° 33 wt % p-aramid/ 1.5 osy flat 422 216
60 67% m-aramid 2.3 osy dimpled
33 wt % p-aramid/ 1.5 osy flat 19.99 355 1.78 Glide! 20 wt % PBI/ 1.4 osy apertured 434 2.20
67% m-aramid! 2.3 osy flat w/invention 80% m-aramid 1.8 osy apertured
33 wt % p-aramid/ 1.5 osy flat 19.55 364 1.86
67% m-aramid? 2.3 osy dimpled Apertured: spunlaced nonwoven with apertures, US513723 incorporated
20 wt % PBI/ 1.4 osy apertured 18.89 36.2 1.92 herein by reference.
80% m-aramid> 1.8 osy apertured Flat: spunlaced nonwoven without apertures.
47 wt % m-aramid/ 1.7 osy apertured 18.95 347 1.83 65 Dimples: spunlaced nonwoven without apertures but having dimples,

33% p-aramid/20% PBI 1.7 osy apertured

U.S. Pat. No. 7,676,855 incorporated herein by reference.
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-continued

! Available from Safety Components, Inc, Greenville, SC.
2 Available from TenCate, Union City, GA.
3TPP—Thermal Protection Performance per NFPA1971 (2007).
TABLE 3C
Outer Shell: GEMINI - TenCate, Union City, GA.
Moisture barrier - CROSSTECH Black, W.L. Gore &
Associates, Elkton, MD.

Thermal Liner PTKMFiber Blend  Insulation Layers ~TPP* TPP/osy

Caldura SL2' 33 wt % p-aramid/ 1.5 osy flat 364 1.93
67% m-aramid 2.3 osy flat

Glide? 20 wt % PBI/ 1.4 osy apertured ~ 39.7 2.03

w/invention 80% m-aramid 1.8 osy apertured

Apertured: spunlaced nonwoven with apertures, US513723 incorporated
herein by reference.
Flat: spunlaced nonwoven without apertures.
! Available from TenCate, Union City, GA.
2 Available from Safety Components, Inc, Greenville, SC.
3TPP—Thermal Protection Performance per NFPA1971 (2007).
TABLE 3D
Outer Shell: GEMINI XT - TenCate, Union City, GA.
Moisture barrier - CROSSTECH Black, W.L. Gore &
Associates, Elkton, MD.

Thermal Liner  Fiber Blend Insulation Layers  TPP® TPP/osy

Caldura SL2' 33 wt % p-aramid/ 1.5 osy flat 38.2 1.97
67% m-aramid 2.3 osy flat

Quantum 3D' 33 wt % p-aramid/ 1.5 osy flat 41.3 2.00
67% m-aramid 2.3 osy dimpled

Glide? 20 wt % PBI/ 1.4 osy apertured ~ 40.3 2.03

w/invention 80% m-aramid 1.8 osy apertured

Apertured: spunlaced nonwoven with apertures, US513723 incorporated herein by refer-
ence.
Flat: spunlaced nonwoven without apertures.

Dimples: spunlaced nonwoven without apertures but having dimples, U.S. Pat. No. 7,676,
855 incorporated herein by reference.
I Available from TenCate, Union City, GA.

2Available from Safety Components, Inc, Greenville, SC.
3TPP—Thermal Protection Performance per NFPA1971 (2007).

The present invention may be embodied in other forms
without departing from the spirit and the essential attributes
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thereof, and, accordingly, reference should be made to the
appended claims, rather than to the foregoing specification, as
indicating the scope of the invention.
We claim:
1. A thermal liner for protective apparel comprising: a
nonwoven having
1-45 wt % of a polybenzimidazole fiber, and
the remaining balance being a second heat resistant fiber,
said second fiber being selected from the group consist-
ing of polyamideimides, polyetherimides, polyacry-
lates, aromatic copolyimides, polyacrylonitriles, poly-

etherketones, polysulfones, polyethersulfones,
melamines, polybenzoxazole, and combinations
thereof,

the nonwoven excluding wool and cellulosic fibers, and

having a thickness less than 3 mm and a basis weight ofless

than 2.9 osy (100 gsm).

2. The thermal liner of claim 1 wherein the first inherently
heat resistant fiber and the second heat resistant fiber have a
water retention of less than 15%.

3. The thermal liner of claim 1 wherein the protective
apparel being a firefighter’s turnout gear.

4. The thermal liner of claim 1 wherein said nonwoven
being a spunlaced nonwoven.

5. The thermal liner of claim 1 wherein said nonwoven
being an apertured nonwoven.

6. The thermal liner of claim 1 wherein said nonwoven
comprises 10-40 wt % of said first inherently heat resistant
fiber.

7. The thermal liner of claim 1 wherein said nonwoven
comprises 15-30 wt % of said first inherently heat resistant
fiber.

8. The thermal liner of claim 1 further comprising a facing
fabric affixed to said nonwoven.

9. The thermal liner of claim 1 further comprising multiple
nonwovens.

10. A protective garment comprising the nonwoven of
claim 1.



